The Chloride Content of Run-off Water Due to Street Deicing by Day, Dennis Paul
THE CHLORIDE CONTENT OF RUN-OFF 
WATER DUE TO STREET D E I C I N G  
A T h e s i s  
Presented  t o  
The School of Graduate S t u d i e s  
Drake Unive r s i ty  
In  p a r t i a l  Fulf  i l l m e n t  
of t h e  Requirements f o r  t h e  Degree 
Master of A r t s  
i n  
Phys ica l  Sc i ence  
by 
Dennis Pau l  Day, Sr,  
January 1972 
THE CHLORIDE CONTENT O f  RUN-OFF 
WATER DUE TO STREET DEICING 
by 
Dennis P a l  Day, Sr. 
Approved by Committee: 
Dean of the School of ~ r k a t e  Studies  
TABLE OF CONTENTS 
PAGE 
IWRODU~TIOM . . . . . . . . . . . . . . . . . .  1 
E4ETHOD.e . . . . . . . * . . . ~ ~ . m . . . *  4 
ANALYSIS . . . . . . . . . . . . . . . . . . . .  8 
DISCUSSION . . . . . . . . . . . . . . . . . . .  24 
RY . . . . . . . . . . . . . . . . . . . .  28 
. . . . . . . . .  SUGGESTIONS FOR FURTHER STUDY 29 
APPENDIX I END POINT ERROR . . . . . . . . . . .  30 
. . . . . . . . .  APPENDIX I1 EXPERINFATALDATA 34 
LITERATURE CITED e e * e . * * 40 
LIST OF FIGUlFtES AND TABLES 
FIGURE 
1 Location of Sampling S t a t i ons  
Chloride Concentralion a t  S t a t i o n  I 
Chloride Concentration a t  S t a t i o n  11 
Chloride Concentrat ion a t  S t a t i o n  111 
River  Flow a t  S t a t l o n  I 
River Flow a t  S t a t i o n  11 
River Flow a t  S t a t i o n  1x1 
Chloride Load a t  S t a t i o n  I 
Chloride Load a t  S t a t i o n  11 
Chloride Load a t  S t a t i o n  111 
Chloride Gained by the River 
Maximum Daily Temperature 
13. Snow Accumulation 
14. Dates and Amounts of S t r e e t  S a l t i n g  
15 .  End Po in t  Er ro r  
TABLES 
1. Determination of End Po in t  E r r o r  
2. River  Data S t a t i o n  I 
3 .  River Data S t a t i o n  I1 
4 River Data S t a t i o n  111 











The element ch lo r ine  is a member of t h e  halogen group. 
Some of t h e  o t h e r  important elements i n  t h i s  group a r e  
f l u o r i n e ,  bromine and iodine.  Generally c h l o r i n e  e x i s t s  i n  
t h e  h i g h e s t  concent ra t ions ,  and is t h e  most widely d i s t r i -  
buted of  t h e  halogens i n  n a t u r a l  occurr ing  bodies  of water.  
Its presence  i n  water  u s u a l l y  t a k e s  'the form of  t h e  c h l o r i d e  
ion,  C l -  (7). The c h l o r i d e  ion  is p resen t  i n  n a t u r a l  waters  
i n  low concen t ra t ions  (4) .  Exceptions occur where s t reams 
r e c e i v e  inf lows of high-chloride wa te r s  such, as ground water ,  
i n d u s t r i a l  and domestic wastes, and i n  some c o a s t a l  r eg ions  
where i n t m s i o n s  of s e a  water  a r e  a p o s s i b i l i t y .  
P r e c i p i t a t i o n  i n  a l l  a reas ,  p a r t i c u l a r y  c l o s e  t o  
t h e  oceans, contains a few mill igrams of c h l o r i d e  per 
l i ~ e r  ( 5 ) .  The concent ra t ion  o f  t h e  c h l o r i d e  decreases  
r a p i d l y  i n  a landward d i r e c t  ion. P r e c i p i t a t i o n  shows some 
seasona l  v a r i a t i o n  i n  c h l o r i d e  concent ra t ion  due t o  wind 
d i r e c t i o n  and v e l o c i t y  ( 5 ) .  The over  a l l  average of' c h l o r i d e  
concen t ra t ion  i n  p r e c i p i t a t i o n  throughout t h e  United S t a t e s  
is q u i t e  low. Concentrat ions of l e s s  t h a n  f ive- tenths  of 
one mi l l ig ram p e r  l i t e r  a r e  common (6) .  
F i s h e r ,  i n  a s tudy of a North Carol ina watershed, 
po in ted  out  t h a t  t h e  ch lo r ide  con t r ibu ted  t o  t h e  s u r f a c e  
wa te r  by p r e c i p i t a t i o n  accounts f o r  only about one-fourth 
of t h e  c h l o r i d e  present .  F i she r  i n d i c a t e d  t h a t  t h e  remain- 
i n g  c h l o r i d e  can be explained i n  terms of  human a c t i v i t i e s  
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involv ing  t h e  u s e  of s a l t  (5). 
Ordinary sewage con t r ibu tes  t o  t h e  c h l o r i d e  con- 
c e n t r a t i o n  i n  s t reams and r i v e r s  where t r e a t e d  o r  un t rea ted  
wastes are being  dumped. Sewages can a l s o  cause ground 
water  contamination i n  c e r t a i n  unfavorable  condi t ions.  
The t r ea tmen t  of municipal water  s u p p l i e s  wi th  c h l o r i n e  
t o  kill organisms e x i s t i n g  i n  t h e  water  source and t h e  
t r ea tmen t  of sewage p l a n t  e f f l u e n t s  w i t h  c h l o r i n e  can be  
considered minor sources of t h e  ch lo r ide  ion  which is  
c a r r i e d  by s u r f a c e  water. 
The c h l o r i d e  ion  i t s e l f  is not considered objec t -  
i o n a b l e  i n  concent ra t ions  l e s s  than  about 250 mi l l igrams 
p e r  liter ( a t  such concent ra t ions  a  s a l t y  t a s t e  can be 
no t i ced  i n  waters  containing s o d i m  i o n )  ( 1 )  The presence 
of  h igh  concent ra t ions  of  ch lo r ide  o r  inc reas ing  concentra- 
t i o n s  does,  however, g ive  reason t o  suspect  sewage con- 
t amina t ion  of t h e  water  being t e s t e d  ( 8 ) .  For t h i s  reason 
p u b l i c  works departments, municipal water  works, sewage treat- 
ment p l a n t s ,  and s t a t e  and l o c a l  h e a l t h  o rgan iza t ions  
monitor  the water  nea r  populated a r e a s  f o r  c h l o r i d e  con- 
c e n t  rat ions.  
S t r e e t  d e i c i n g  may a l s o  be one of t h e  f a c t o r s  con- 
t r i b u t i n g  t o  t h e  ch lo r ide  concent ra t ions  in s u r f a c e  water. 
Some c i t i e s  use l a r g e  q u a n t i t i e s  of salt  t o  speed i c e  and 
snow removal. There p resen t ly  a r e  some s t u d i e s  being 
conducted t h a t  are t r y i n g  t o  determine t h e  e f f e c t s  of 
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s t r e e t  and road s a l t i n g  on t h e  q u a l i t y  of t h e  water  i n  
t h e  r i v e r s  and s t reams d ra in ing  a r e a s  t h a t  r e c e i v e  
f r e q u e n t  s a l t i n g s .  
I n  one of t h e s e  s t u d i e s ,  Blaser has determined 
t h a t  d e i c i n g  sal ts  a r e  not contaminating major waterways 
t h a t  have l a r g e  water flow volumes. This s tudy has found, 
however, that deicing s a l t s  can cause the i n c r e a s e  of 
c h l o r i d e  l e v e l s  i n  ponds, smal l  l a k e s ,  and streams (3 ) .  
The purpose of t h i s  i n v e s t i g a t i o n  w i l l  be t o  t r y  
t o  e s t a b l i s h  any r e l a t i o n s h i p  t h a t  exists between 
munic ipa l  s t r e e t  de ic ing  and t h e  ch lo r ide  contenl; of t h e  
run-off water  from t h e  c i t y  of Des Moines, Iowa. 
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METHOD 
The Des Moines River  jo ins  one of  i ts  t r i b u t a r i e s ,  
t h e  Raccoon River ,  within t h e  c i t y  of  Des Moines. The 
l a r g e r  of t h e  two r i v e r s ,  the Des Moines, e n t e r s  t h e  c i t y  
from t h e  n o r t h ,  The sma l l e r ,  t h e  Raccoon, enters t h e  c i t y  
from t h e  west  and j o i n s  t h e  Des Moines River  nea r  t h e  
Des Moines bus ines s  d i s t r i c t  a t  t h e  S c o t t  S t r e e t  Dam ( s e e  
F i g u r e  1). 
A very high percentage  o f  t h e  excess  s u r f a c e  water  
from t h e  c i t y  e n t e r s  the Des Moines River  w i t h i n  t h e  Des 
fi!Toines c i t y  l i m i t s .  Thus t h e  r i v e r  j u s t  downstream from 
Des Moines should r e f l e c t  t h e  q u a l i t y  of t h e  c i t y ' s  run-off 
water. 
From December 2, 1970 t o  A p r i l  5 ,  1971 wate r  samples 
were t a k e n  from t h e  s u r f a c e  of t h e  r i v e r s  a t  t h r e e  
d i f f e r e n t  l o c a t i o n s .  Two l o c a t i o n s  on t h e  t w o  major 
waterways f lowing i n t o  t h e  city ( t h e  Des Moines and t h e  
Raccoon R i v e r s )  and one l o c a t i o n  on t h e  Des Moines R ive r  
which is t h e  major r i v e r  flowing from t h e  c i t y  (see  F igu re  1) 
C o l l e c t i o n  s t a t i o n  number I w a s  l o c a t e d  on t h e  
Des Moines River  a t  t h e  Highway 46 b r idge .  This  b r i d g e  
is commonly c a l l e d  t h e  TPALCO br idge .  The samples were 
taken from t h e  n o r t h  s i d e  of t h e  r i v e r  about  40 yards 
downstream from t h e  br idga , -  sampling was done every f o u r  
days d u r i n g  t h e  evening hours,  normally between 4:00 p.m. 
and 6 ~ 0 0  p.m. ( s e e  F i g u r e  1). 
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Fim~-e 1 
Looat i o n  of S m p l i n g  S t a t  i o n s  
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Collection s t a t i o n  number I1 w a s  loca ted  on t h e  
Des Moines River a t  t h e  Des Moines Euclid Avenue bridge. 
Samples were taken from the  e a s t  bank of t h e  r i v e r  about 
30 ya rds  upstream from t h e  br idge  every four  days between 
6 : 0 0  p.m. and 8 :00  pama ( s ee  Figure 1). 
Col lec t ion  s t a t i o n  number I11 was loca ted  on t h e  
Raccoon River a t  t h e  Des Moines 63rd S t r e e t  bridge. The 
sampling w a s  done from the  south  r i v e r   ban^ about 30 yards ,  
upstream from t h e  br idge  every fou r  days usua l ly  between 
4:30 p.m. and 7200 p.m. [ s e e  Figure 1). 
The samples a t  a l l  t h r ee  l oca t i ons  were taken from 
t h e  s u r f a c e  of t h e  r i v e r .  When t h e  r i v e r s  were  frozen,  
t h e  samples were taken through t h e  i c e  from moving water.  
This w a s  done by d r i l l i n g  a ho le  i n  t h e  i c e  and lowering 
the con ta ine r  t o  where t h e  water could be reached. 
Sampling a t  a l l  t h r e e  s t a t i o n s  was ca r r i ed  ou t  on t h e  same 
day, s t a r t i n g  w i t h  s t a t i o n  I then progressing t o  s t a t i o n s  
111 and I1 respec t ive ly  (see Figure 1). 
A 1 1  of t h e  samples were taken i n  c lean  g l a s s  con ta ine r s  
t h a t  had been r insed  i n  t h e  water being sampled. The 
r i n s i n g  w a s  done j u s t  p r i o r  t o  t ak ing  t h e  a c t u a l  sample. 
The samples were then ca re fu l ly  l abe led ,  sea led  and s t o r ed  
u n t i l  analyzed. 
The conduct ivi ty of water a t  each of t h e  three  
s t a t i o n s  w a s  cheeked by a Beckrpan Conductance meter, 
Many samples were taken from both  t h e  su r f ace  and from 
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v a r i o u s  depths  t o  determine t h e  homogeneity of t he  r i v e r  
a t  these l o c a t i o n s ,  
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ANALYSIS 
  he method o f  a n a l y s i s  decided upon f o r  t h e  
d e t e r m i n a t i o n  of t h e  c h l o r i d e  concen t r a t i on  w a s  t h e  Mohr 
method ( 1 ) .  T h i s  method i s  based upon t h e  fo l lowing  r e a c t i o n s  
i n  a n e u t r a l  s o l u t i o n :  The f i rs t  is  t h e  r e a c t i o n  of t h e  
s i l v e r  i on ,  Ag+,  supp l i ed  by t h e  known solution o f  s i l v e r  
n i t r a t e ,  AgNO w i t h  t h e  c h l o r i d e  ion,  ~1-, supp l i ed  by 3 ' 
t h e  unknown s o l u t i o n ,  forming a very  i n s o l u b l e  pre-  
c i p i t a t e ,  s i l v e r  c h l o r i d e ,  RgCl ( 2  3 .  
c C1---=- AgCl (1) 
The second r e a c t i o n  is t h e  r e a c t i o n  of t h e  chromate 
ion,  C ~ O ; ,  w i t h  t h e  excess  s i l v e r  ion,  kgC,  t o  form a 
r e d  p r e c i p i t a t e  of silver chromate, Ag2CrQ4 ( 2 ) -  
2LLg+ + C ~ Q ;  - Ag2CrQ4 ( 2 )  
The s i l v e r  c h l o r i d e  is quantitatively p r e c i p i t a t e d  be fo re  
t h e  permanent fo rmat ion  of s i l v e r  chromate (1 ) .  
The subs t ances  t h a t  normally i n t e r f e r e  w i t h  t h e  
Mohr method a r e  u s u a l l y  n o t  p r e s e n t  i n  s u f f i c i e n t  q u a n t i t y  
t o  i n t e r f e r e .  The presence  of any of t h e  o t h e r  halogens  
w i l l  be i n d i c a t e d  as  equ iva l en t s  of ch lo r ide .  The pres-  
ence  o f  or thophosphates  i n  excess  of  twenby-five 
m i l l i g r a m s  p e r  l i t i e r  i n t e r f e r e s  by p r e c i p i t a t i n g  as s i l v e r  
phosphate ,  Ag3PQ4 (1) .  
The p r e c i s i o n  of  t h e  Mohr method s t a t e d  i n  t h e  
l i t e r a t u r e  is 1.7 mi l l ig rams  p e r  l i t e r  (1 ) .  A s h o r t  s t u d y  
of t h e  end p o i n t  e r r o r  and p r e c i s i o n  of t h e  method used 
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i n  t h i s  experiment ind ica tes  t h a t  p rec i s ion  of t h e  method 
is nea re r  t o  a value of t 1 milligrams per  l i t e r  ( see  
APPENDIX I ) ,  
The determinat ion of  ch lor ide  i n  each sample was 
determined by t ak ing  f o u r  50 m i l l i l i t e r  a l i q u o t s  by 
p i p e t  from each sample. These were t i t r a t e d  wi th  t h e  
s t andard  s i l v e r  n i t r a t e  so lu t i on  and t h e  r e s u l t s  averaged. 
The concent ra t ion  of chlor ide  was determined i n  accordance 
with t h e  equation, 
QCl- it e r  = (A - B) x N x 35,450 m l  sample 
where A = m l  t i t r a t i o n  f o r  sample, B = r n l  t i t r a t i o n  f o r  
blank, and N = normality o f  s i l v e r  n i t r a t e  (I). 
The concentrat ions o f  ch lor ide  found a t  each of 
t h e  t h r e e  sampling l oca t i ons  are shown i n  Figures 2,  
3 and 4. The values f o r  t h e  concentrat ion of  ch lo r ide  
i n  mi l l igrams p e r  l i t e r  were used wi th  t h e  r i v e r  flow 
d a t a  as shown i n  Figures 5, 6 and 7 t o  determine t h e  
a c t u a l  q u a n t i t i e s  of ch lo r ide  being ca r r i ed  by t h e  r i v e r  
a t  these loca t ions .  These q u a n t i t i e s  were determined 
u s ing  t h e  fol lowing equation, 
cubic f e e t  , pounds - pounds 
s ~ c ~ * d  cubic  f o o t  - second ('4) 
where M = t h e  concentrat ion of ch lo r ide  i n  p a r t s  pe r  
m i l l i on ,  F  = t h e  discharge o f  t h e  r i v e r ,  and D is  t h e  
dens i t y  of water. 
Figure  2 
C h l o r i d e  Concen t ra t  i o n  at S t a t  i o n  I 
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Figure 3 
Chlor ide  Concent ra t ion  at S t a t i o n  11 
Fi&wre I+ 
C h l o r i d e  Concen t r&t ion  at S t a t i o n  I11 
Figure  5 
R i v e r  Flow at S t a t i o n  I 
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Figure 6 





The va lues  of ch lo r ide  i n  t h e  r i v e r  a t  each of 
t h e  t h r e e  s t a t i o n s  a r e  shown i n  f i g u r e s  8 ,  9 and 10. 
The weight of t h e  ch lo r ide  ion  cont r ibuted  t o  t h e  
r i v e r  by t h e  c i t y  of Des Moines w a s  determined, by sub- 
t r a c t i n g  t h e  ch lo r ide  amounts observed en te r ing  t h e  c i t y  
by r i v e r  from t h e  amounts of  ch lor ide  de tec ted  flowing 
ou t  of t h e  c i t y ,  i n  t h e  r i v e r ,  This quan t i ty  is  r e f e r r e d  
t o  as t h e  "chlor ide  ga inM and is  shown i n  f i g u r e  11. 
Daily maximum temperatures and snowfal l  in- 
formation obtained from l o c a l  c l ima to log ica l  d a t a  a r e  
shown i n  f i g u r e s  1 2  and 13. 
The d a t e s  and amounts of s t r e e t  s a l t i n g  by t h e  
c i t y  of  Des Moines were obtained from t h e  S t r e e t s  
Department and a r e  shown graphica l ly  i n  f i g u r e  14. 
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Figure  2 
Chlor ide  Load a t  Station 1 
F i g a r e  9 
Chlo r ide  Load at S t a t i o n  IS 
FigU-re 10 
Chlo r ide  Load a t  S t a t i o n  I S 1  
F i g ~ ~ r e  11 
Chloride Load Gained by the River 
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Figure 12 
Maximum Daily Temperature 
i l s i g ~ l r ~  1 3  
Sna:.~ Aceunisl~~t, ion 
Gates  and hinounts of :itreot S:lltin,g 
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DISCUSSIOTJ 
The water  i n  t h e  r i v e r  a t  t h e  t h r e e  sampl ing l o c a t i o n s  
W a s  remarkably w e l l  mixed. The only exception was the w a t e r  
on t h e  s u r f a c e  of t h e  r i v e r  a t  s t a t i o n  I. The meter  could 
n o t  b e  balanced when t h e  e l e c t r o d e s  were placed d i r e c t l y  i n t o  
t h e  wa te r  n e a r  t h e  boundary of t h e  ho t  water be ing  released 
by Towa Power and Light  Company and the c o o l e r  r i v e r  water. 
However, when a sample of t h i s  wate r  near  t h e  boundary w a s  
t a k e n  from t h e  r i v e r  and t e s t e d  i n  t h e  c o n t a i n e r  t h e  conduct- 
ance  b r i d g e  ind ica t ed  t h a t  t h e  water i n  this a r e a  c o n t a i n s  t h e  
same amount of d i s so lved  s o l i d s  as t h e  o t h e r  p a r t s  of t h e  
r i v e r .  The va r i ance  of t h e  meter w a s  probably due t o  r a p i d  
w a t e r  t empera ture  changes near t h e  boundary of  t h e  ho t  water. 
The concen t r a t ion  of  ch lo r ide  a t  a l l  t h r e e  sampling 
s t a t i o n s  e x h i b i t e d  similar c h a r a c t e r i s t i c s  (see Figures  2 ,  3 
and 4 ) .  The concen t r a t ion  gene ra l ly  inc reased  as t h e  r i v e r  
f l ow decreased  ( see  F igures  5, 6 and 7).  The maximum 
c o n c e n t r a t i o n s  being reached j u s t  be fo re  t h e  b i g  i n c r e a s e  
i n  r i v e r  f l o w  which came i n  t h e  middle of February. It 
should  be noted t h a t  t h e  maximum concen t r a t ions  a r e  f a r  
below t h e  maximum of 250 mil l igrams p e r  l i t e r  a l l owab le  
c o n c e n t r a t i o n  f o r  d r ink ing  water (1 ). 
It is apparen t  t h a t  t h e  concen t r a t ion  of c h l o r i d e  
i n  the r i v e r  a t  a l l  t h r e e  s t a t i o n s  shows l i t t l e  i f  any 
d i r e c t  r e l a t i o n s h i p  with  temperature  ( s e e  Figures 2, 3, 
4 and 12). 
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The a c t u a l  chlor ide  contained i n  each of t h e  r i v e r s  
a t  t h e  sampling loca t ion  increases  s i g n i f i c a n t l y  i n  t h e  ea r l y  
p a r t  of February and increases  s t i l l  more i n  March ( see  
Figures  8 ,  9 and 10) .  Other r i v e r  flow a t  each of these  
s t a t i o n s  a l s o  increase  a t  about t he  same t imes i n  February 
and March ( s e e  Figures 5, 6 and 7). This i nd i ca t e s  t h a t  
t h e r e  
of chl 
is a co r r e l a t i on  be-tween r i v e r  flow and t h e  quan t i ty  
.or ide ca r r i ed  by t h e  r i ve r .  
The chlor ide  contributed ta t h e  r i v e r  by Des Moines 
comes from two sources. They a r e  t h e  s an i t a ry  sewers and t h e  
s t o m  sewers which car ry  t h e  run-off water, The t o t a l  
c h l o r i d e  gained is g r ea t e r  i n  almost a l l  ins tances  than t h e  
average ch lo r ide  cont r ibut ion  due t o  t he  s a n i t a r y  sewer 
e f f l uen t .  The chlor ide  gained compared t o  t h e  maximum 
daily temperature ind ica tes  t h a t  t h e r e  is  a good c o r r e l a t i o n  
e x i s t i n g  between them ( see  Figures  11 and 1 2 ) .  The inc rease  
i n  ch lo r i de  gained, i n  a l l  cases follows a genera l  temperature 
ga in  by one t o  t h r e e  days. The t i n e  l a g  between temperakure 
and t h e  ch lo r ide  ga in  probably would have been more con- 
s i s t a n t  if t h e  r i v e r  were sampled more f requent ly .  
The l a r g e  peak i n  chloride ga in  occurr ing i n  t h e  first 
p a r t  of March can be p a r t i a l l y  explained as t h e  probable 
r e s u l t  of two d i f f e r e n t  e f f ec t s .  
The c i t y ,  i n  the  course of snow removal, dumps t h e  
snow, which had been removed from t h e  business d i s t r i c t ,  
a long  t h e  west bank of t h e  r i v e r  just n o r t h  of t h e  Univers i ty  
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Avenue Bridge ( s e e  F i g u r e  1). The snow is not  dumped d i r e c t l y  
i n  t o  t h e  r i v e r ,  but is dumped on t h e  r i v e r  s i d e  o f  the 
f l oo d  con t ro l  levy. This p i l e  of snow contains much of t h e  
salt t h a t  had been spread on it before t h e  snow could be 
removed from t h e  s t r e e t s .  When t h e  r i v e r  l e v e l  is high 
enough t o  reach t h i s  s tockpi led  snow t h e  s a l t  contained i n  
it w i l l  be re leased  causing a  chlor ide  gain during t h a t  
pe r iod  o f  high water. 
The amounts of s a l t  used on t h e  s t r e e t s  depend on t h e  
amounts of snow. The deep snows, those  over about t h r e e  
inches ,  u sua l l y  are removed by mechanical means while 
l e s s e r  accumulations a r e  often removed by s a l t i n g .  
The l a s t  snow t h a t  was s a l t e d  amounted to about one 
inch  and occurred on t he  19 th  of March (see Figure 1 3 ) .  
The quant i ty  of s a l t  used on t h a t  snow i n  a two d a y e l k i n g  
pe r iod  w a s  about 200 tons  (see Figure 14) .  The l a r g e s t  
snow of t h e  winter f e l l  on t h e  second and t h i r d  of January 
( s e e  Figure 1 3 ) .  The quant i ty  of s a l t  used on t h a t  snow i n  
a 20 day melt ing per iod  was about 700 tons (see Figure 14). 
The r a t i o  of t h e  tons of sal t  used t o  t h e  inches of 
snow a re  approximately 700/14 o r  50 tons  of s a l t  f o r  each 
inch  of t h e  four teen  inch snow, and 200/1 o r  200 tons  of 
salt  f o r  t h e  one inch snow. It is apparent t h a t ,  while 
t h e r e  was l e s s  salt used on t h e  one inch snow the concen- 
t r a t i o n  of salt  is approximately 4 t imes t h e  concentrat ion 
of t h e  s a l t  on t h e  1 4  inch snow- 
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Assuming t h a t  t h e  sa l t  contained i n  t h e  run-off 
water  is  evenly d i s t r i bu t ed  over t h e  melting tiroe of the 
snow, the 1 4  inch snow could contribute approximately 35 
tons of salt per  day to run-off water. Under similar 
circumstances t h e  one inch snow could contr ibute  100 tons 
of  salt pe r  day t o  run-off water during i ts  two  day melting 
per iod.  
It is possible ,  indeed probable, that f o r  a sho r t  
period of t ime the salt used on the one inch snow contributed 
chlor ide  t o  t h e  run-off water a t  a rate almost three times 
as large as did the 14 inch snow. 
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S U I W R Y  
The use of  sodium chlor ide  as a s t r e e t  d e i c e r  by 
t h e  c i t y  of Des Moines did not effect t h e  ch lo r ide  concen- 
t r a t i o n  of t h e  Des Moines River i n  the  winter  of 1970-71. 
However, t h e r e  is some evidence that s t r e e t  s a l t i n g  does 
e f f e c t  t h e  sal t  load of t h e  r i v e r .  
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SUGGESTIONS FOR FURTHER STUDY 
(1) A s tudy of t h e  chlor ide  content  of t h e  r i v e r  as r e l a t e d  
t o  street deic ing ,  using a monitor that would give  
continuous d a t a  on chloride concentration. 
( 2 )  A s tudy of the e f f e c t s  sf t h e  hea t  r e l eased  t o  t h e  Des 
Moines River by Iowa Power and Light Company, 
( 3  ) A study of t h e  chloride concentrat ion i n  F o u m i l e  
Creek and i ts  r e l a t i o n s h i p  t o  s t r e e t  s a l t i n g  i n  
Ankeny , Iowa. 
( 4 )  A study of the chlor ide  concentrat ion of some w e l l s  
nea r  highways o r  other areas t h a t  g e t  s a l t e d  on a 
r e g u l a r  bas is .  
Page 30 
END POINT ERROR 
The known s i l v e r  n i t r a t e  AgN03 standard, and t h e  
known sodium chloride,  NaCl so lu t i ons  were ca re fu l ly  made 
by drying and weighing t h e  two reagents  t o  t h e  nea res t  0.1 
mil l igram and d i s so lv ing  them i n  a small quan t i ty  of d is -  
t i l l e d  water and d i l u t i n g  them t o  volume. 
The s tandard AgNO was t i t r a t e d  aga in s t  many known 3 
concent ra t ions  of chlor ide  t o  determine t h e  e r r o r  i n  t h e  
end p o in t  determinat ion. 
The t h e o r e t i c a l  end poin t  values were sub t rac ted  
from t h e  a c t u a l  end point  values t o  ob ta in  t h e  e r r o r  in the 
end polnt .  
The graph w a s  used t o  determine a l l  of t h e  end po in t  
co r r e c t i ons  f o r  t h e  chlor ide  determinations i n  this invest-  
igation. 
It is  evident from t h e  graph i n  f i g u r e  15 ,  t h a t  t h e  
end po in t  e r r o r  is  d i r e c t l y  r e l a t e d  t o  the concent ra t ion  of 
ch lo r ide  ion. 
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TABLE 1 
DETE!VtINATION OF END POINT ERROR 
Exper imen ta l  
End P o i n t  
ml of iigi';TO 3 
T h e o r e t i c a l  
End P o i n t  
m l  of AgN03 
End Poin t  
E r r o r  
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Figure 1 5  























RIVER DATA STATION I 
Discharge 
~ t .  3 / ~ e c .  
Discharge 
~ b s . / ~ e c .  
Lbs, C1- 
See .  
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Sec. 
TABLE 2 - continued 
RIVER DATA STATION I 
Discharge Discharge 
Lbs. /S ec. 










27 40 . Y 3 
31 k3 340 21 216 
Feb. 4 49 300 18 720 92 

















1 3  600 
TABLE 3 - continued 
XI3ER DATA STATION II 
Discharge 
3 Ft. /see. 
Discharge 
Lbs. /5ec.  










RIVER DATA STATION I11 
Discharge Discharge 
Lbs. C1- 
~ t .  3 / ~ e c .  ~ b s . / ~ e c .  S ec. 
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TABLE 4 - continued 
RIVER DATA STATION III 
Discharge 









CHLORIDE GAINED BY THE DES PIOINES 
RIVER AT DES PTOIMES, IOWA 
Chloride Chloride 







Itpr. 1 2.8 
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